experimentally verified that a 'continuum of benefit' occurs from 63 parasitism to mutualism (Johnson et al. 1997; Klironomos 2003) , 64
where benefit is typically quantified by determining the difference 65 in growth between plants colonized with a particular fungus 66 compared to those without the fungus. Where on this continuum a 67 specific mycorrhizal association falls is based on 1) the needs of 68 the plant and 2) the ability of the fungus to perform a needed 69 function. Placing a specific AM fungus on this continuum may be 70 more complicated than originally anticipated. Evidence is 71 mounting that AM fungi are multifunctional, yet we know little 72 about the determinants of these different functions (Newsham et al. 73 1995b) . 74
While the main role of AM fungi in facilitating phosphorus 75 uptake has been supported in both field and greenhouse 76 experiments (Bolan 1991; Smith & Read 1997) , plants with AM 77 fungi can also show improved water relations, reduced uptake of 78 heavy metals and increased protection from pathogens 79 F o r P e e r R e v i e w P a g e | 5
(summarized in Newsham et al. 1995b) . In some cases these 80
'alternate' functions appear to be the primary benefit a plant 81 receives from the symbiosis (Borowicz 2001; 82 1995a ; Singh et al. 2000 ; Herre et al. 2007; Fitter, 1985) . Which 83 particular mycorrrhizal function is more important may be driven 84 by environmental factors pressuring the plant. For example, when 85 the plant host is faced with many root pathogens but nutrients are 86 relatively abundant, plants may benefit more from pathogen 87 protection. When pathogen loads are low and P is limiting (as in 88 many greenhouse experiments) the primary benefit of the AM 89 association to the plant may be acquisition of P. Under these two 90 scenarios the same fungus would have very different functions, 91 however, net benefit for the plant (increased biomass or fitness) 92 could be similar. Recent evidence indicates that these two 93 particular functions differ among AM fungi and correlate with 94 their broader phylogeny (Maherali & Klironomos 2007 ). This 95 result indicates that AM fungi that are best able to protect plants 96 from pathogens would be more beneficial under conditions of high 97 pathogen abundance. In the absence of pathogens, these AM fungi 98 may have a negative effect on plant growth (parasitism) due to 99 their demand for plant photosynthate. Likewise, AM fungi that are 100 best equipped for P acquisition may be poor partners when P 101 concentrations are not limiting (Johnson 1993 inoculated with a single Glomus species (Newsham et al. 1995a) . 121
Earlier research by the same group showed that Hyacinthoides 122 non-scripta is obligately dependent on AM fungi for its P uptake, 123 likely due to its poorly branched root system (Merryweather and 124 Fitter 1995) . Newsham et al. (1995b) contrast, members of the Gigasporaceae were more effective than 143 those of the Glomeraceae at enhancing P uptake by plants. These 144 functional differences may be a result of the distinct life-history 145 strategies found in these two AM fungal families. The family 146
Gigasporaceae is typified by slow-colonizing species with hyphae 147 concentrated outside the plant root, while members of the 148 and c) their interaction. We then examine how plant benefit differs 160 depending on these interactions. Finally, we test one potential 161 mechanism of pathogen protection by AM fungi. 162
If the plant drives the function, then we predict that the 163 coarse-rooted plant will be protected more from our pathogen than 164 the fine-rooted plant, regardless of the identity of their mycorrhizal 165 partners. Alternatively, if the fungus drives the function, then we 166 predict that plants partnered with fungal species from the 167 Glomeraceae will have lower pathogen levels than plants 168 associated with species from the Gigasporaceae, regardless of plant 169 host identity. Finally, it is also likely that pathogen protection is 170 driven by the interaction between plant and fungal identity. In such 171 F o r P e e r R e v i e w P a g e | 9 a scenario, we predict that pathogen infection is reduced by a 172 member of the Glomeraceae, but only in highly susceptible plants. 173 For the plant growth benefit, we predict that 1) the plant 174 with more complex root architecture will benefit most from AM 175 fungi in the Glomeraceae, because the plant has a root structure 176 susceptible to pathogens and species from the Glomeraceae are 177 better at pathogen protection and 2) a plant with a simple root 178 architecture will not benefit much from pathogen-protecting 179 species (Glomeraceae) because of its low susceptibility to F. 180
oxysporum, but will benefit most from members of the 181
Gigasporaceae because of their greater potential to aid with 182 nutrient uptake. 183
Using our data we were also able to test one of the 184 proposed mechanisms for pathogen protection by AM fungi 185 
Fusarium inoculum 215
Fusarium oxysporum was also isolated from LTMRS soil. Soil 216 suspension was added to Malt Extract Agar (MEA), and a variety 217 (Fig. 2) . Overall, the biomass of 375
A. cepa was significantly greater when inoculated with F. 376 oxysporum and members of the Gigasporaceae than with members 377 of the Glomeraceae (p<0.0001), but with some variation within 378 oxysporum and any member of the Gigasporaceae (x = 1.61g) ( 397 p>0.5 for all pairwise comparisons), whereas un-inoculated plants 398 (x = 3.65) and those inoculated with both F. oxysporum and 399 members of the Glomeraceae (x =3.68g) were significantly higher 400 (p<0.0001 for all pairwise comparisons; Fig. 2) . 401 between fungal families was much greater than in S. glauca (Fig.  407 3). Allium cepa plants inoculated with species from the 408 Glomeraceae (x = 54.7%) were significantly more colonized than 409 those inoculated with members of the Gigasporaceae (x = 16.7%)( 410 p<0.0001). For S. glauca plants, although the extent of 411 colonization varied more by particular mycorrhizal species (Fig.  412 3), overall the two fungal families were still significantly different 413 (p<0.0001, Glomeraceae x = 24.6%; Gigasporaceae x = 10.1%; 414 However, the severity of pathogen infection in our study was better 443 explained by the interaction of plant and fungal family identity 444 than the degree of AM fungal colonization. 445
In this study we focused on a specific mycorrhizal function 446 (pathogen protection). However, our data indicate that a trade-off 447 for five months prior to any pathogen addition, which ensured the 509 AM fungi had colonized but also likely gave them an advantage. 510
A main reason for this timing discrepancy is that we exposed the 511 plants to AM fungi in the form of chopped mycorrhizal roots (a 512 highly disturbed fungal mycelium), which is very different from 513 the more intact mycelial network that plants would be exposed to 514 in the field. It is likely that plants are connected to an extensive and 515 In conclusion, it is becoming increasingly clear that AM 531 associations are multifunctional, as proposed by Newsham et al. 532 (1995) . In this study we show that for one function (pathogen 533 protection), both plant identity and fungal identity can determine 534 the outcome of the association, and that these two factors interact. 535
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